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DIGITAL VIDEO STREAMING OVER OPTICAL NETWORK 

BACKGROUND OF THE INVENTION 

5 The present invention relates to data networking and more particularly in some 

embodiments to distribution of digital video. 

Optical network technologies have greatly increased the data-carrying capacities 
of networks. Optical signals carrying 10 Gbps data streams are prevalent and widespread 
usage of 40 Gbps signals is envisioned. By employing wavelength division multiplexing 
10 (WDM) techniques numerous such optical signals may be combined on the same fiber, 
further increasing overall data-carrying capacity. 

To optimally exploit capabilities of high data rate optical networks, hierarchical 
digital transmission standards such as SONET, SDH, and G.709 have been developed. 
These standards facilitate the time domain multiplexing of lower data rate services into a 
15 very high data rate optical signal. They also provide features such as timing coordination 
among network nodes, administration and management functions, etc. These standards 
readily accommodate digital telephony services, ATM traffic, and layer 3 packets such as 
IP packets. 

Another type of data service that would benefit firom the use of the above- 
20 mentioned modem optical networking technologies is digital streaming video. Major 
broadcast networks employ the ANSI 4/SMPTE 259 Mrl997 serial digital interface 
(SDI) standard to distribute digital video. This standard is only one example of a serial 
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digital video standard. For example, there are also higher data rate counterparts that 
provide high definition digital video streams. Systems and methods have already been 
developed for handling packetized digital video, for example DVB-ASI packets, in the 
5 context of the above-mentioned hierarchical digital transmission standards. Systems and 
methods for extending these methods to accommodate serial digital video are needed. 
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Summary Of The invention 

Embodiments of the present invention provide systems and methods for carrying 
a serial digital video stream over an optical network such as an optical network 
5 employing SONET/SDH or G.709. For example, serial digital video data formatted in 
accordance with ANSI/SMPTE 259 M-1997 may be carried. Also, a common interface 
may be provided for both serial digital video streams and packetized digital video data 
such as DVB-ASI data. 

A first aspect of the present invention provides a method for transmitting a serial 
10 video data stream by employing a hierarchical digital transmission standard. The method 
includes: segmenting the serial video data stream into a sequence of horizontal scan lines, 
encapsulating the horizontal scan lines within GFP packets, and mapping the GFP 
packets into a digital signal in accordance with the hierarchical digital transmission 
standard. 

15 A second aspect of the present invention provides a method for receiving a serial 

video data stream by employing a hierarchical digital transmission standard. The method 
includes: demapping GFP frames from a signal formatted in accordance with the 
hierarchical digital transmission standard and deencapsulating the GFP frames to extract 
horizontal scan lines of the serial video data stream. 

20 A third aspect of the present invention provides apparatus for transmitting a serial 

video data stream by employing a hierarchical digital transmission standard. The 
apparatus includes: a scan line delineation block that segments the serial video data 
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stream into a sequence of horizontal scan lines and a mapper that encapsulates the 
horizontal scan lines within GFP packets and maps the GFP packets into a digital signal 
in accordance with the hierarchical digital transmission standard. 

5 A fourth aspect of the present invention provides apparatus for receiving a serial 

video data stream via a hierarchical digital transmission standard. The apparatus 
includes: a demapper that demaps GFP frames from a signal formatted m accordance 
with the hierarchical digital transmission standard and deencapsulates the GFP frames to 
extract horizontal scan lines of the serial video data stream and a clock recovery system 
10 that recovers timing of the serial video stream. 

A fifth aspect of the present invention provides apparatus for transmitting digital 
video information employing a hierarchical digital transmission standard. The apparatus 
includes: a video interface configured to receive one of a serial digital video stream and a 
DVB-ASI packet stream; and a mapper that maps GFP packets that include data from 
15 either the digital video stream or the DVB-ASI packet stream into a digital signal in 
accordance with the digital transmission standard. In a first mode the video interface 
receives the serial digital video data stream and the GFP packets include digital video 
data. In a second mode the video interface receives DVB-ASI packets and the GFP 
packets include data from the DVB-ASI packet stream. 

20 Further understanding of the nature and advantages of the inventions herein may 

be realized by reference to the remaining portions of the specification and the attached 
drawings. 
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RRTEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a SONET network configured to cairy serial digital video data 
according to one embodiment of the present invention. 

5 Fig. 2 depicts the transmit side of a digital video interface according to one 

embodiment of the present invention. 

Fig. 3 depicts the receive side of a digital video interface according to one 
embodiment of the present invention. 

Fig. 4 depicts flie receive side of a digital video mterface according to an 
1 0 alternative embodiment of the present invention. 

Fig. 5 depicts a frame stmcture useful in carrying serial digital video data 
according to one embodiment of the present invention. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 

Embodiments of the present invention will be described with reference to a 
representative application where a serial digital video data stream or a series of DVB-ASI 
5 packets is to be carried via a SONET network. It will be appreciated, however, that this 
application is merely representative. The same or similar techniques will apply to other 
hierarchical digital transmission standards such as SDH and G.709. Also, other variants 
of serialized and/or packetized digital video can readily be accommodated. 

Fig. 1 depicts a SONET network 100 adapted to carry digital video data according 
10 to one embodiment of the present invention. Four SONET add/drop multiplexers 

(ADMs) 102 are connected together in a bi-directional ring configuration. Each ADM 
maybe an ONS-15454 available firom Cisco Systems of San Jose, California. The ring 
configuration and equipment type are of course only particular features of one example. 
A 10 Gbps signal (OC-192) signal is carried around the ring with various payload 
1 5 constituents being added and dropped by the ADMs 102. This data rate is also merely 
representative. By use of appropriate wavelength multiplexers and demultiplexers (not 
shown), multiple such signals may be carried by the same optical fiber. 

According to one embodiment of the present invention, a digital video signal may 
be carried within a SONET signal circulating around the ring. The digital video signal 
20 may have a data rate of approximately 270 Mbps to accommodate a very high quality 
uncompressed digital video feed. Rehable SONET transport of the digital video data 
would require the equivalent of six STS-1 (51.840 Mbps) SONET signals. Accordingly, 
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in one implementation, digital video data is mapped into a VC-3-6v SONET virtual 
concatenation that includes six STS-1 payloads. The equivalent SDH nomenclature is a 
VT3-6v virtual concatenation. 

5 In Fig. 1, one of the SONET ADMs 102 is equipped with a video/SONET 

interface 104 that can either remove or insert a digital video signal to or from the SONET 
signal flowing through one of SONET ADMs 102. According to one embodiment of the 
present invention, the digital video signal may be either a serial digital video data stream 
or a stream of digital video packets. 

10 An example of a digital video data stream standard is the ANSI/SMPTE 259 

M-1997 standard pubUshed in 1997 by the Society of Motion Picture and Television 
Engineers, the contents of which are herein incorporated by reference in their entirety for 
all purposes. The standard is used for video production and distribution and is herein 
referred to as Serial Digital Interface (SDI). Another example of a digital video data 

1 5 distribution is the SMTPE 305.2M-2000 standard published in 2000, the contents of 
which are herein incorporated by reference in their entirety for all purposes. This 
standard is intended for packetized video distribution and is herein after referred to as 
Serial Data Transport Interface (SDTI). Embodiments of the present invention can also 
accommodate high definition counterparts to the SDI and SDTI standard by using a 

20 higher capacity virtual concatenation. 

This is of course only one example of a serial digital video standard. A higher 
definition digital video data stream may be accommodated by employing a higher data 
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rate virtual concatenation. An example of a packetized digital video stream is the DVB- 
ASI standard as described in DVB Document AO 10 rev. 1, May 1999, the contents of 
which are herein incorporated by reference in their entirety for all purposes. The DVB- 
5 ASI standard encodes digital video data using the MPEG standard and encapsulates the 
encoded result in packet form. 

The generic framing procedure (GFP) specified by ITU-T Recommendation 
G.7041A^.1303, the contents of which are herein incorporated by reference in their 
entirety for all purposes, is used to encapsulate digital video data for subsequent transport 
1 0 over the SONET network. GFP provides a firame mode, GFP-F, that is used for 

transporting packets or firames specified by a higher level protocol over a SONET/SDH 
or G.709 network. GFP fijrther provides a transparent mode, GFP-T, that is used to 
transfer data that has not been previously formatted into packets or firames. GFP-T 
employs fixed length GFP-T firames for carrying such data. 

1 5 Embodiments of the present invention employ GFP-T to transport DVB-ASI and 

other packetized video data. SDI and SDTI employ an encapsulation procedure that is 
similar to GFP-F but not exactly the same. SDI and SDTI scan lines are encapsulated 
but, unlike in GFP-F, every bit is transported. 

Fig. 5 illustrates the fi:ame structure used for digital video data according to one 
20 embodiment of the present invention. In the firame format of Fig. 5, each firame 

preferably encapsulates a signal horizontal scan Une of video data. In an alternative 
embodiment, multiple packets may be used for a horizontal scan line. For example, 
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multiple packets per scan line may be used when a higher data rate video signal such as a 
high definition digital video data stream is being encapsulated, hi Fig. 5, a length field 
502 gives the overall length of the GFP fi-ame. A length CRC field 504 provides a cychc 
5 recovery check to allow detection and/or correction of errors of the length field 502. A 
payload header field 506 includes N bytes of payload header where N is provisionable. A 
payload field 508 holds the horizontal scan line data. 

In one exemplary implementation, payload header field 506 contains a two byte 
time-stamp coimter value that is used to recover the transmit side video client clock on 

10 the receive side plus a two byte CRC field. In this example, there is one horizontal scan 
line per firame and payload data field 508 holds 858 pixels where each pixel is specified 
by two 10b/8b encoded bytes. There are thus 2145 bytes in payload data field 508 and a 
total of 2153 bytes in the entire GFP fi-ame. The entire mapping mechanism thus adds 
only 8 bytes of overhead to the 2145 bytes of the digital video data, less than 0.5% 

15 overhead. Due to the use of this firaming structure, embodiments of the present invention 
may remove EAV and S AV firaming bytes that SDI employs to delineate horizontal scan 
lines that identify vertical blanking intervals. This would reduce the byte total. 

Fig. 2 depicts the transmit side of video/SONET interface 104 according to one 
embodiment of the present invention. This embodiment can handle either DVB-ASI 
20 signals or SDI signals. There are two processing chains. One processing chain is active 
for DVB-ASI signals and the other processing chain is active for SDI signals. For SDI 
signals, the first processing stage is a scan-line delineation block 202. Scan-line 
delineation block 202 identifies individual horizontal scan lines in the serial digital video 
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data stream by looking for the appropriate values of the EAV and SAV framing bytes 
specified by the standard. Scan-line delineation block 202 also computes the time-stamp 
counter and payload header CRC value. DVB-ASI data is instead transferred to an 
5 8b/10b decode block 204 which is active in the DVB-ASI mode. 8b/10b decode block 
204 removes the 8b/10b encoding of the DVB-ASI packet stream. A 64b/65b encode 
block 206 receives the decoded output of block 204 and generates 64b/65b encoded 
superblocks as defined by the G.7041 GFP-T standard. 

A multiplexer block 208 selects firom the output of 64b/65b encode block 206 and 
1 0 scan-line deUneation block 202 based on the current operating mode of video/SONET 
mterface 104. The selected data stream is forwarded to a GFP mapper 210. GFP mapper 
210 computes the appropriate values for length field 502 and length CRC field 504 of the 
GFP fi-ame structure. GFP mapper 210 formats the packets for inclusion in the 
appropriate virtual container and forwarding to the ADM. For the SDI data, during 
15 blanking periods when there are no pixels being generated, GFP mapper 210 inserts GFP 
idle firames. 

Fig. 3 depicts the receive side of video/SONET interface 104 according to one 
embodiment of the present invention. Data fi-om the allocated virtual concatenation is 
forwarded fi-om the ADM to a GFP demapping block 302. GFP demapping block 302 
20 removes the virtual concatenation and GFP encapsulations as well as the payload data 
header. GFP mapping block 302 also removes idle frames and reinserts EAV and SAV 
framing bytes if these were removed at the transmit end. In the serial data mode, a scan 
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line buffer 304 buffers the pixel data. Scan line buffer 304 can hold approximately one 
horizontal scan line of data. 

Data flow into scan line buffer 304 may be bursty and it is desirable to clock data 
5 out of scan line buffer 304 at a steady video rate. Accordingly, there is a phase lock loop 
(PLL) that is used to control the output clock of scan line buffer 304. A buffer occupancy 
block 306 measures the occupancy percentage of scan line buffer 304. The buffer 
occupancy figure is scaled and filtered in the time domain by a loop filter 308. The 
output of loop filter 308 control the firequency of a numerically controlled oscillator 
10 (NCO)310. The output ofNCO 310 is fed to a clock divide block 312. Theoutputof 
clock divide block 312 is then used to control the release of data firom scan line buffer 
304. 

During the DVB-ASI operation mode, demapped video data fi-om GFP 
demappmg block 302 is fed to a 64b/65b decoder 314 which removes the 64b/65b 

15 encoding from the GFP-T superblocks. This decoded data is fed to a clock tolerance 
compensation FIFO 3 1 6. Clock tolerance compensation FIFO 3 1 6 performs a buffering 
role analogous to scan line buffer 304. To regulate the output of video data, FIFO 316 
inserts or drops comma characters as defined by the 8b/ 10b encoding scheme as 
appropriate. The video data output by FIFO 316 is 8b/10b encoded by an 8b/10b encoder 

20 318. A multiplexer block 320 selects from the outputs of 8b/10b encoder 318 and scan 
line buffer 304 depending on the current operating mode of video/SONET interface 104. 
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Fig. 4 depicts the receive section of video/SONET interface 104 according to an 
alternative embodiment of the present invention. The implementation depicted in Fig. 4 
is similar to that of Fig. 3 except that the serial video data clock recovery loop is modified 
to take advantage of functionality available within commercially available 
serializers/deserializer (SERDES) chips. In Fig. 4, the output clock of scan line buffer 
304 is generated by a crystal oscillator 322, The output of loop filter 308 rather than 
controlling the firequency of an NCO as in Fig. 3 instead adjusts a ratio N/M used to 
multiply the clock frequency of crystal oscillator 322. This multiplication is performed 
by a clock frequency multiplication block 324. 

The various components of video/SONET interface 104 may be implemented in 
either hardware, software, or some combination thereof. For example, some or all of the 
above-described fimctions may be implemented by a processing device executing 
instructions stored or derived from a computer-readable medium such as, e.g., a CD- 
ROM, floppy disk, software distribution from the Internet, etc. 

It is understood that the examples and embodiments that are described herein are 
for illustrative purposes only and that various modifications and changes in light thereof 
will be suggested to persons skilled in the art and are to be included within the spirit and 
purview of this apphcation and scope of the appended claims and their fiill scope of 
equivalents. 
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